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TE|NTAXIVE GIRO ELINES ON CEM ENT-FL V A511 CGNCliE l li 
FOR RIGID PAVEMENT CONSTRUCTION 


I, INTRODUCTION 

Cement-fly ash concrete, utilising good quality prizawlanic fly 
ash to replace parts'&f cement (I >20 per cent) and sand (about 10 
per cent) in cement concrete, can be used in all pavement construc¬ 
tion works where plain cement concrete is used. By adopting proper 
m'iji design methods, for the same design strength more economical 
mixes can be produced with cement-fly. ash concrete as compared 
to plain cement concrete. 

Use of cement-ily ash concrete in place of plain cement con¬ 
crete will, not only enable substantial savings in the consumption 
of cement, but also provide an economic and useful avenue for 
disposal of fly ash , which is now a recognised national problem. 
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Com m it Lee, we re curried out by Dr. R - K. Ghost and Shri R, P. 
S ik tea r These we re laic r a p pro v ed by the Lx ecu l i v e Co m m i i tee a fid 
ite Council in their meetings held on the 18th November and 4th 
December 1 576 respectively. 


2, MATERIALS FOR CEMENT-FLY ASM CONCRETE 

2.1, Fly Ash 

l ly ash for use in cement-fly ash concrete shall conform to li>. 
3812-1566 ^Specification for Fly Ash (Part I) for Use as ] 5 op.olati.a’ 3 
and possess lime-reactivity of hot less than 40 kg;cm-, Specific sur¬ 
face area (Blaine's! of not Less than 3200 cm-/go; and carbon content 
of not more than 12 per cent. Lignite fiy ash may also he used pro¬ 
vided iLsatisfies the above stipulations and its magnesium oxide 
fMg0> content and total sulphur content as sulphur trioxide (S0 9 ) 
do not exceed 5 and 3 per cent by weight respectively. 

2.2. Cement 

Celtic 1st shali be ordinary portland cement confotming 
to IS • 269-1 9:76 '‘Specification for Ordinary and Low Heat 
Portland Cement." or IS: SI 12-1576 “Specification for High Strength 
Ordinary Portland Cement." 

2.3- Aggregates 

The aggregates shall conform Lo the requirements set Out in 
nara 2 2 of IRC ■ 1-5*1970 “Standard Specifications and Code of 
fgtfM for Construction of Concrete Ro*ls.“ 

2.4. Water 

Water shall conform lo the requirements set out in para 2 .3 
of IRC 1 l?-1970. 

I 

3. CEMENT-FLY ASH CONCRETE MIX DESIGN 

3.1, Whik considerable work is in progress on the design of 
cement-fly ash concrete mixes, no direct, mix design procedure is 
v L i ava i I a blc tor th is p u rpo se. ' Fh e ft>11 o win g proced i ■ rc is £u gge st ed 
for indirect, design of these mi jussi, wherein firet a plam cement con- 
crctc mix is designed for the stipulated criteria using actual fiiaiem 
aM except fly asb), and then an equivalent cement-fly ash concrete 
mix established therefrom, 
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3.2. The plain cement con eretc mix may he designed as per 
TjR.C.; 44-1976, ^Tentative Guidelines for Cement Concrete Mix Do 
Pavements’ 1 . 


sign for 


3.3. The equivalent cement fly ash concrete 
should lIlcii be e stab Its lied as follows ; 


mix 


CU 


( 2 ) 


Let W:C:S:A be (he designed plain cement concrete mix, 
with, w, C, S, and A re presen ling the quantities in kg of 
water, cement, sand and coarse aggregate respectively 
per cu.m, of the plain cement concrete mix. 

Let W : C' : F ; S' ; A' be ihe equivalent cement-fly 
ash concrete mix, with WL CL F, S' and A" being the 
quantities in kg of water, cement, fly ash. sand and coarse 
aggregate respectively per cu.m, of the mix. 

( 3) Lei, S c , Sf , St and S a be the specific gravities of ceme n (, 
11 v ash, sand and coarse aggregate respectively. 

(4) Let C'—pv C 

$'=P<S 

The values of p fl and p„ depend on a large number of para¬ 
meters like relative- fineness, specific surface and specific gravity of 
cement, sand and fly ash. Select suitable values of p g and p. s based 
on previous experience with die materials. Suitable values will gen¬ 
erally be found within the following range . 

Pc—0,90 - 0.8.0 
p^G.95 - 0.S5 

In the abscnce of p.revious expcrienee, the IbJlowii l g values may be 
adopted for trial purposes ; 

p c =0.85 

p.,=;0.90 

(5) Calculate the total quantify of fly ash in the mix io com¬ 
pensate for reduction made in cement and sand with 
equal volumes of fly ash, Thus 

I 

F n i=WL. of fly ash of equal volume of cement replaced 

-(c-m-j■ 
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t, - -Wt. of 13 y Etsh of' eq u&l volume of sand replaced 

~(s S') £ . 

tijid jP=foiiii quantity o i 11 v khIi per ou,m. nf mix 
=F*+F t 


~(C~Cj %- j(Sh-S') 


A 


m Calculate H" from the consideration «f keeping the water/ 
effecye binder ratio same. This maybe based ™ the 
fol lowing CO ireJa L] on: J UJJ Ln e 


W " 


C' ; K 


W 

c 


or W’-W, 


C-F t 

c 


O') Calculate A' from consideration of making up for reduc- 
Lion m volume of water, so that F 

A f -A-iW—W) Si 

W a^C'V^Vr'f T“1 “l* •»* proportions 

, . L "• ) ^ MU ^heck lor (he worloifciilitv if 

desired, workability is not obtained. adiultmem m 

Irilmithr b«t necessary. If the vwkobilily of Mie 
■ 13 morc or 3a ^s than ihe stipulated value ’ rcdm?e 

or mcreaw respectively die value of p, to 

reduce i| 10 per cent replacement of cement by tly-asL 

(S) After adjustment of workability lias been made bv one 
more tnals as squired, the adjusted tnik should be used as 
tlu busts of tnai mixes for checking the strength. 


4 - JEQT; 

me: J&f" ? ‘1 

JWBf* ’’avemcn t^ 
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A-26/ ■ 
hfi ilium : 


I ti. Lti, 


5 CONSTRUCTION 

5 A - Cement-fly ash con e re t e pavement construct ion is tdeaiti- 
cal to that of plain ccm.cn L concrete pavements; but for the differ- 
nice tbui par Tv of cement and sand arc replaced by suitable fly ash 
at the batching stage. Provisions of IRC: 15-1970 rmiy* therefore, be 
followed in ibis respect, 

5.2. Storage and Handling of FIy Ash 

Beeng a very fine matcrialj fly ash gets easily airborne. For 
protection against this, fly ash may be either bagged or soaked with 
water at the top during transport. When not bagged. Si may be 
stored in rectangular trapezoidal pits dug tor the purpose. The top 
should be kept covered with tarpaulins or other suitable cover. 


5,3, Batching of Fly Asli 

Like other constituents in the mix, fly ash should also be bat¬ 
ched by weight. Water may. however* be batched by volume using 
ea I i bra Led co n tain e r s, a n d ce m e n I by di e bag c n si i rl n g th at eye fi ba g 
con Lm ins i.lt c s pc ci fied standard quanrity of ccment. F'nr small -sized 
con s true lions, as the amount of fly ash per batch of one bag of cement 
is small, it is normally more convenient to weigh fly ash separately 
cm a pan balance and feed It directly to the mixer instead of weigh¬ 
ing in the weigh batcher; In case fly ash is wet, its moisture content 
sbtin Id be dctermi ned a 11 d alit>wance uradc thcrefor. 


5.4, Mixing 

Provisions contained in para 8,4 of 1R.C; 15-1970 should apply 
except that water should first he fed into the mixer followed by fly 
ash Lu form a slurry and thereafter cemeiu q nd aggregates added. 
It is important to ensure that the fly ash is well dispensed in Lire 
mix. 


6, QUALITY CONTROL 

6,1, In gen oral, q u a li L y con t rol o i c e me u t-fly as h co n ere te 
constructions should be an lines'indicated in Chapter fi of IRC SP; 
I 1-1973 “Handbook of Quality Control for Construction of Roadi 
and Runways’-, In addition, quality of fly ash should be checked as 
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per IS: 3ft 12 (Part I)—1966 once initially for approval of the source 
of su p pi y a n d sn bscqu an t Jy fo r each fres i i ct in sign m c n t, M ois t u re 
content of fly ash should also be determined once or twice daily a a 
required. 

6.2, Thorough mixing should be ensured as per para 5,4. 
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IXA M I' 2 E: OF DESK; IN o r m 1 IV A!.! N I c I M KIN I - 1 L V A 5 FI 
CONCRETE iV] I\ FOli A C l V'EiN | J F,.\IN C l-:Ml !N4 I 
CONCTit l i; MIX 


I, TTie psvun pJain cemciil ooneruii: mi*, designed for 2S day compressive 
slrcnpih kg;ern ? in the In bora? dry, Bus Sfh.e fotiawlBa cm ami l iris of 

jnatcr ials per en.ni. of concrete 


Water W 

Cement C 

Sand 5 

Coarse 

Aggregate A 

Air Voids 


150 kg 
- m kg 
= ^ 2 8 

[255 ku 


Weiglits < t fsand and c on ree aggregate. are on annu a I ed surface t!rv basts 
specific gravities of the materials are: 

Cement S? = 3,150 

Sand S t <- 2.6H7 

CuHrse 

Aggregate $, = 2.9m 


Idesign equivalent cement llv as.ii concrete mix lor uie following condi¬ 
tions: 


Yemeni reRJacbmerit hy fly ash 
Siind, replacement by fly ash 
S peel fie gra v i t y 0 f fly ash, S t 

2. fn (be example; 


^=150 kg 
C=333 kg 
S N2* kg 
A- 1255 kg 
5^3.150 

.V,=2.fK!7 
.V^-2.900 
Si 2,250 
fit 0 .$5 
j 7 *= 0 .f -J(J 



2,.25 

3.15 


=0.7 J 5; 


Sj_ 

A* 


2.15 

2.637 


=o.m 


= 15% by wi, 
10% by w i , 
-2.250 


( 
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3, c ’= p * C-O.R 5x1*3-283 kg 

Jm- 0.90 i< 828 =745.2 kg 

A P (C —C J ) S/- ijrty rt.TI S ,.=35.75 kg 

P _ { $^S')S t = S 2 ,fi X o. 83fi -^69.,25 kg 

fK- in 

iJrt 

.■.r-Fa-krt~35.75-r69,25 o* [05.0 kg 

tfr 1 

5. tf" = ^(C' + F l 0 

35.75)--143.6 k s or l 

6. A '~A+iw-ms* 

= 1235.0 + 1150 143.6) X 2.9 
-123 5.0 + &4 & 2.9=1253.5 k 5 

7. Hence, etjuivfllcnLccitiiint-fly ash Concrete, mi*, which may be ureJ as a 
baste Tor trials, Is: 

FT-143.6 kg or 1 
C'-2S3.0 kg 
S'—745.2 kg 
$• —■ 105.0 kg 
^'=+1255,5 kg 
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